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EXPERIMENTS WITH CONTINUOUS 
REINFORCEMENT IN CONCRETE 
PAVEMENTS 


Reported by EARL C. SUTHERLAND, Associate Highway Engineer, Public Roads Administration, and SANFORD W. BENHAM, Research Engineer, 
Indiana Highway Commission. 


N THE FIELD of concrete pavement design, there is 

probably no subject that has provoked more discus- 

sion than that of the proper spacing for transverse 
joints. Today, after more than 40 years of concrete 
pavement construction, a wide divergence of opinion 
still exists as to the proper spacing to use. 

The general trend for some years has been toward 
decreased slab lengths. Gradually the distance be- 
tween joints has been reduced until at the present time 
most of the concrete pavement is being laid with slab 
lengths of 30 feet or less. Theory and experiment have 
indicated that for satisfactory control of the stresses 
that are caused by restrained temperature warping a 
short slab length is necessary. 

A pavement designed with short slab lengths obvi- 
ously contains numerous joints. Joint designs that 
will fulfill the requirements for flexibility, for ability to 
transfer load and effectively to control load stress, and 
for excluding water and foreign matter in a satisfactory 
manner, have not yet been developed. 

There exists an understandable feeling that the trend 
toward increasing the number of joints required per 
mile of pavement is a mistake, although present 
engineering knowledge indicates this to be the most 
effective design. The cost, the difficulties of installa- 
tion, the leakage of surface water to the subgrade 
(sometimes with very harmful results), the tendency 
for joints to be or to become rough spots producing 
impact—these and other criticisms are advanced as 
arguments against the use of short slabs and frequent 
joints. If it were possible to design a concrete pave- 
ment in such a manner that it would be continuous 
mile after mile, or even if it were possible to space the 
joints at intervals of 1 ,000 feet or 500 feet or even less, 
it is obvious that many of the problems that are assoc- 
lated with frequent joints would disappear. Although 
this thought has intrigued the minds of engineers for 
years, the solution to the problem has not been found. 

Experience has shown what is to be expected in plain 
concrete pavements that are laid continuously or with 
joints placed at infrequent intervals. Contraction and 
warping stresses cause frequent transverse cracks and 
lack of provision for expansion may result in “‘blow-ups”’ 
While these troubles have not always been experienced 
to a serious degree, in general, those interested in the 
construction and maintenance of highways have felt 
that the effort to control cracking and other troubles 
through the use of joints was worthwhile. 

The possibilities of pavement slab designs in which 
the frequency of constructed transverse joints is reduced 
through the use of continuous, bonded-steel reinforce- 
ment have never been very thoroughly explored, 
although a limited amount of information is available. 

Concrete changes in volume when subjected to tem- 
perature changes or to changes in its moisture content. 
A concrete road slab is subj ect to severe changes in both 
temperature and moisture content and relatively large 


1 Paper presented at the Nineteenth Annual Meeting of the Highway Research 
Board, December 8, 1939. 
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volume changes tend to occur. When the slab at- 
tempts to contract or to expand, it must overcome the 
resistance to deformation of the subgrade with which it 
is in contact. This is the source of the direct tensile 
and compressive stresses in a transverse section of the 
pavement. In addition to direct stress, temperature 
and moisture differentials down through the slab 
develop periodically and these create bending stresses 
because of the restraint to warping that exists in slabs 
of appreciable length. The summation of the stresses 
that are caused by these conditions of temperature and 
of moisture, either alone or in combination with the 
stresses that are caused by vehicle wheel loads, may 
exceed the tensile strength of the concrete and cause a 


| rupture of the pavement slab. 


The introduction of longitudinal steel reinforcement 
into a concrete pavement will not prevent the formation 
of transverse cracks under the stress conditions just 
described. However, the presence of steel will have an 
important effect upon the character and distribution of 
the cracking that occurs and upon the structural 
integrity of the pavement and it is this action that 
possibly may prove to be of advantage in reducing the 
number of constructed transverse joints required in 
concrete pavements. 


REINFORCING STEEL EXPECTED TO INFLUENCE THE CHARACTER 
OF CRACKING 


Moderate amounts of steel reinforcement in concrete 
under tension add relatively little to the tensile resist- 
ance of the section prior to the time that rupture of 
the concrete occurs. Thus, in a coacrete pavement, 
it is to be expected that the first crack will appear at 
about the same place and under about the same condi- 
tions of stress in both a reinforced and an unreinforced 
slab, other conditions being the same. As soon as 
rupture of the concrete occurs, however, the concrete 
section that was most highly stressed is relieved im- 
mediately of all stress while any bonded steel that 
crosses the ruptured section suddenly assumes a much 
greater burden than before. 

The stresses caused by subgrade resistance are car- 
ried across the rupture by the steel and transferred 
eradually back to the concrete through the bond 
between the two materials. The distance in which the 
full amount of stress is transferred back to the concrete 
is dependent directly upon the length of the section 
and the degree of bond between the two materials and 
indirectly upon the amount of steel. The result is 
that in long slabs reinforced with relatively large 
amounts of longitudinal steel, additional transverse 
cracks may be expected in close proximity to the first 
plane of rupture. The distance between the points at 
which the stress in the concrete section reaches a magni- 
tude sufficient to cause rupture will depend primarily 
upon the amount of steel that transfers stress across 
the ruptured concrete section, although for a given 
percentage of longitudinal steel a certain slab length is 
necessary to develop the effect that has been described. 
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Fricure 1.—PREsENT APPEARANCE OF A HEAVILY REINFORCED 
SEcTION OF THE COLUMBIA PIKE EXPERIMENTAL PAVEMENT. 





Figure 2.—TypicaL CrRAcK IN A HEAVILY REINFORCED SEc- 
TION OF THE COLUMBIA PIKE EXPERIMENTAL PAVEMENT 
ArreR 18 YEARS OF SERVICE. UPPER, SURFACE OF PAVE- 
MENT; Lower, EpGE OF SuaB. 


This action was observed and studied to a limited 
extent in two of the early researches of the Public Roads 
Administration, the significant features of which will 
be discussed briefly. 

The earliest of these investigations is that of the 
Columbia Pike experimental pavement in Arlington 
County, Va. This pavement, 1% miles long, was 
built in 1921 and included various slab thicknesses, 
cross-sectional designs, and reinforcement designs. 
The majority of the reinforced sections are 200 feet 
long, and the amount of reinforcement in them was 
varied from a light welded fabric to a heavy bar mat. 
A published report describes the condition of the pave- 
ment at the time it was 2% years old.2. The details of 
design of the various sections of pavement and the 
characteristics of the subgrade are given in this report. 
The type of cracking that occurred in relation to the 
steel reinforcement was discussed in two subsequent 
papers.® 4 
"4 Reinforcing and the Subgrade as Factors in the Design of Concrete Pavements, 
by J. T. Pauts, PUBLIC ROADS, vol. 5, No. 8, October 1924. 

3 The Interrelation of Longitudinal Steel and Transverse Cracks in Concrete Roads, 
by A. T. Goldbeck, PUBLIC ROADS, vol. 6, No. 6, August 1925. 


‘ Concrete Pavement Design, by L. W. Teller and J. T. Pauls, Proceedings A meri- 
can Concrete Institute, vol. 22, 1926. 


! 


The Columbia Pike experimental pavement is of 
interest at the present time chiefly because it gives some 
indication of the type of cracking that occurs and the 
performance that may be expected in pavements con- 
taining relatively large amounts of longitudinal rein- 


forcement. 








The most heavily reinforced section is 350 feet long 
and contains 14 three-quarter-inch round deformed 
bars, uniformly spaced across its 18-foot width. <A 
large number of very fine, closely spaced, transverse 
cracks developed in the central part of this section 
soon after the pavement was laid. After 18 years of 
service, these cracks are still closed and very little 
spalling or disintegration has occurred in their vicinity. 


' A general view of this section of pavement taken within 


the last few months is shown in figure 1. Figure 2 
shows two views of the pavement at a typical crack. 
It will be observed that the general condition of this 
section of pavement is still good and that the structural 
integrity of the pavement has been maintained.  Al- 
though figure 1 indicates distances of several feet 
between transverse cracks, actually it shows only those 
that have developed to an extent sufficient to catch 
the eye of the maintenance crew. Additional trans- 
verse cracks can be found by close examination, al- 
though they are so fine that they are difficult to see, 
even in a relatively close-up view such as that in figure 2. 

The Columbia Pike experiment indicates that in a 


_ long concrete pavement slab the presence of relatively 


large amounts of longitudinal steel will greatly increase 
the number of transverse cracks but that these cracks 
will be held tightly closed (if the slab length is not too 
great) and further that over a long period of time no 
structural break-down need be anticipated. It shows, 
also, that the presence of longitudinal steel reinforce- 
ment increases the distance between open cracks. 


REINFORCEMENT FOUND TO REDUCE CRACKING IN SHORT SLABS 
AND NEAR ENDS OF LONG SLABS 


Several years after the Columbia Pike sections were 
built, a study of curimg methods for concrete pave- 
ments was undertaken at the Arlington Experiment 
Farm, Virginia, utilizing test sections of plain concrete 
200 feet long, 2 feet wide, and 6 inches thick. In 
connection with this study, a number of reinforced 
sections were included for the purpose of obtaining 
additional information on certain conditions that had 
been observed in the experimental sections on the 
Columbia Pike. The details of the construction and 
behavior of the various sections included in the curing 
experiments have been given in two published reports.® ® 

The amount of steel in the reinforced sections was 
varied from a very light welded fabric to two %-inch 
round deformed bars (in the 24-inch width). There 
were, as stated, a number of plain concrete sections 
and these may be used for comparison with the rein- 
forced sections. Some of the 200-foot sections were 
duplicated by sections that were divided into five 
slabs: 20, 30, 40, 50, and 60 feet long. The stresses 
in the steel and in the concrete caused ‘by the subgrade 
resistance alone probably would not be excessive in 
slabs up to 60 feet in length. In the 200-foot sections, 
however, the stresses caused by the subgrade resistance 
would exceed the ultimate tensile strength of the 
concrete, over a considerable part of the total length 


5 Tests of Concrete Curing Methods, by J. T. Pauls, PUBLIC ROADS, vol. 7, 
No. 10, December 1926. 

6 T‘he Arlington Curing Experiments, by L. W. Teller and H. L. Bosley, PUBLIC 
ROADS, vol. 10, No. 12, February 1930. 
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of the sections, and would probably exceed the tensile 
strength of the steel in the more lightly reinforced 
sections. 

In the 13 years since the sections were built, a number 
of transverse cracks have formed in each of the plain 
concrete sections and in the central portion of the 200- 
foot sections that are continuously reinforced with the 
larger amounts of bonded steel. There has been a 
negligible amount of cracking near the ends of the 
continuously reinforced sections and in the reinforced 
sections that were divided by joints into shorter 
slabs. This condition obtains in both the sections 
reinforced with large amounts and those reinforced 
with small amounts of steel. 

In general, no appreciable amount of cracking or 
disintegration has occurred in the reinforced sections 
in which the stresses in the steel and concrete, caused 
by the subgrade resistance, have been held to reason- 
able values. 

In the 200-foot sections containing a relatively large 
amount of steel, in which the stresses caused by sub- 
grade resistance have exceeded the tensile strength 
of the concrete, but not the elastic limit of the steel, 
a number of ver y fine, closely spaced transverse cracks 
have developed in the central part of the sections. 
These cracks have remained closed and little or no 
spalling or disintegration has developed. A typical 
crack in one of the reinforced sections containing two 
*%-inch deformed bars is shown in figure 3. 

These experimental sections have never been sub- 
jected to loads of any kind so thst the cracking and dis- 
integration that has developed has been caused by the 
temperature and moisture variations and by other 
conditions of exposure. 

The behavior of the reinforced sections in the curing 
experiments at Arlington tended to confirm the ob- 
servations made on the Columbia Pike sections adding 
support to the theory that has been outlined. 

These studies and others that were in progress about 
the same time emphasized the need for a more thorough 
understanding of the structural action of concrete pave- 
ments and for a number of years attention was concen- 
trated on this problem. 

Westergaard developed his important analyses of the 
stress conditions in pavement slabs under the action of 
wheel loads’ and under the influence of temperature 
changes. The first showed for the first time the rela- 
tions between load, deflection, and stress for an elas- 
tic slab of uniform thickness on an elastic support, deal- 
ing with the three critical points, a free edge, a free 
corner, and an interior point. The second paper, deal- 
ing with temperature effects, presented means for cal- 
culating the stresses caused by warping restraint. Both 
of these contributions are of fundamental significance. 

In order to study experimentally the relations ana- 
lyzed by Westergaard and to supplement those analyses 
by studies of other than uniform cross sections, the 
Public Roads Administration built and subjected to in- 
tensive experiment a series of full-size pavement slabs. 
This general research covered a period of several years 
and was divided into a number of parts. Those parts 
of the investigation that are pertinent to the subject 
of this paper have been reported and cover the observed 
effects of temperature and moisture variations on slab 

7 Computation of Stresses in Concrete Roads, by H. M. Westergaard, Proceedings 
of the Highway Research Board, pt. I, 1925. 

Stresses in Concrete Pavements Computed by Theoretical Analysis, by H. M. 
Westergaard, PUBLIC ROADS, vol. 7, No. 2, April 1926. 


8 Analvsis of Stresses in Concrete Roads Caused by Variations of Temperature, by 
H. M. Westergaard, PUBLIC ROADS, vol. 8, No. 3, May 1927. 
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behavior and the observed structural action of the sey- 
eral joint designs that were included in the design of 
the test sections. ® The slab behavior was determined, 
in general, by strain measurements. 





Ficure 3.—TypicaLt Fingz Crack IN A HEAVILY REINFORCED 
SLAB CONSTRUCTED IN THE ARLINGTON CuRING TeEsTs, 13 
YeEaRS AFTER CONSTRUCTION. 


RESEARCHES SHOW IMPORTANCE OF CONTROLLING WARPING 
STRESSES 


One of the important results of these researches has 
been development of an appreciation of the importance 
of the warping stresses that are present in concrete 
pavements at times when large temperature differen- 
tials are present, stresses that in certain regions of the 
slab area combine with load stresses to cause critical 
stress conditions. To contro] warping stresses, the re- 
straint that produces them must be controlled and this 
can be accomplished practically by limiting the prin- 
cipal dimensions of the slab. The significance of these 

combined stresses as they affect the structural design of 
a pavement has been very completely discussed in a 
recent paper by E. F. Kelley.” 

Recognizing on the one hand the experimental eyi- 
dence that short slabs are necessary for the control of 
warping and consequently of combined stress and on the 
other hand the practical objections to the introduction 
of more joints in concrete pavements, the Public Roads 
Administration and the Indiana State Highway Com- 
mission in 1936 decided to investigate more thoroughly 
the possibilities of longitudinal steel reinforcement as a 
means for increasing the slab length of concrete pave- 
ments. 

Consideration of the problem indicated that the in- 
formation desired could best be obtained through the 
construction of special sections of reinforced pavement 
located on a highway in service and on this basis an 
extensive research project was planned. Arrange- 
ments were then made for the construction of the 
desired experimental reinforced sections in Indiana as 
part of a regular Federal Aid project. The State and 
the Administration cooperated in the selection of 
suitable location, the adjustment of the experimental 
sections to the location, the construction of the sec- 
tions, and in the program of measurements and obser- 
vations. 

The pavement was constructed on a transcontinental 
highway west of Indianapolis. This location was 

®The Structural Design of Concrete Pavements, by L. W. Teller and Earl C. 
Sutherland: 

Pt. 2. Observed Effects of Variations in Temperature and Moisture on the Size, 

Shape, and Stress Resistance of Concrete Pavement Slabs, PUBLIC ROADS, 

vol. 16, No. 9, November 1935. 

BS eg ey. Study of the Structural Action of Several Types of Transverse and 

Longitudinal Joint Designs, PUBLIC ROADS, vol. 17, Nos. 7 and 8, Septem- 

ber and October 1935. 

10 Application of the Results of Research to the Structural Design of Concrete 


Pavements, by E. F. Kelley, Proceedings of the American Concrete Institute, vol. 
35, 1939, also PUBLIC RO ADS, vol. 20, Nos. 5 and 6, JuJy and August 1939. 
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particularly suitable because of the fairly uniform 
subgrade and the absence of sharp curvature and of 
steep grades. The maximum grade is 2.95 percent 
and the maximum curvature is 0°11.5’. Also the 
traffic on this route is heavy. The test sections were 
built during September and October of 1938. The 
remainder of this paper will be devoted to a description 
of the details of the planning and construction of this 
pavement, the schedule of observations that has been 
adopted, and the general behavior of the experimental 
sections thus far. 

In selecting the range in the amounts of steel to be 
used in the various sections, it was necessary to con- 
sider several factors. The maximum amount of steel 
that can be used will probably be determined by the 
cost of the steel that can be added and still allow con- 
crete to compete with other types of pavement. There 
is also a physical limitation to the amount of steel that 
can be introduced without seriously interfering with 
the effective placement of the concrete. In order that 
the steel be adequately protected from corrosion, it 
must be concentrated in about the middle third of the 
slab depth. Another factor that influences the dis- 
tribution and hence the amount of longitudinal steel 
that can be used is the necessity for some degree of 
flexibility or hinge action at the transverse cracks for 
the relief of warping stress. 

The minimum amount of longitudinal steel that 
should be considered is that which might be expected 
to produce some definite change in the character of the 
cracking as compared with an unreinforced pavement. 

With the data at present available neither the upper 
nor lower limits can be selected with any degree of 
precision. For the present study the minimum amount 
of longitudinal steel was set at No. 6 wire (0.192-inch 
diameter) spaced at 6-inch centers (22 pounds of longi- 
tudinal steel per 100 square feet of pavement). This 
is equivalent to a 32-pound welded wire fabric, which 
is about as light as is used in pavements today. 

The maximum selected was 1-inch diameter bars on 
6-inch centers. This amounts to 534 pounds per 100 
square feet and exceeds the amount in any known 
pavement installation. Between the upper and lower 
limits of longitudinal steel, intermediate quantities were 
chosen to give a fairly uniform range of reinforcement. 
The transverse steel used was the practical minimum 
thought necessary to secure a good installation of the 
longitudinal steel. 


THREE TYPES OF STEEL USED IN REINFORCING SECTIONS 


The number and length of the sections included in 
the pavement, together with certain details concerning 
the reinforcement, are given in tables 1, 2, and 38. It 
will be noted that the sections of pavement included 
in table 1 are reinforced with welded fabric; those of 
table 2 with billet steel ((ntermediate grade), and those 
in table 3 with rail steel. The three types of steel 
were included in order that any possible advantages 
of high elastic limit steel, for the type of construction 
being considered, might be revealed. The range in 
steel stress for each class of steel was selected to cover 
what was considered to be the most effective range. 
Attention is called to the fact that the range of maxi- 
mum steel stresses is such as to permit direct compari- 
sons of structural action to be made between sections 
containing different types or different percentages of 
longitudinal steel. 
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The lengths of the slabs necessary to give the desired 
stresses in the steel were calculated on the basis of 
the estimated stresses caused by subgrade resistance 
as the pavement expands and contracts. A coefficient 
of subgrade resistance of 1% times the weight of the 
pavement was assumed in making these determinations. 

An analysis of the stress conditions in a longitudinally 
reinforced section during a temperature drop can be 
made with reasonable certainty up to the point when 
the concrete fails and transverse cracks are formed. 
Because of the uncertainty of the distribution of local- 
ized stress in the steel in the vicinity of the cracks it 
is doubtful if a rigorous analysis can be made of the 
distribution of stress along the steel after the concrete 
has ruptured. 

Steel stresses calculated on the assumption that the 
stress is due entirely to the effort of the contracting 
steel to drag with it along the subgrade the various 
segments of the fractured section are likely to be both 
approximate and conservative. For the present pur- 
pose the lengths of the sections that are presumably 
required to develop given steel stresses have been cal- 


TABLE 1.—Details of steel reinforcement in experimental reinforced 
concrete pavement; 1 cold drawn wire (welded fabric) 





















































149-POUND 
Calcu- Reinforcement, size and spacing 
Num-} Length} lated as Weight 
ber of maxi- of 
of each | mum longi- 
eae oe irk Longitudinal Transverse podinel 
steel 
Pounds Pounds 
per per 100 
square square 
Feet inch feet 
6 140 | 25, 
6 190 | 35,000 |{No. 4-0; d=0.3938 inch; | No. 3; 12 inches center 132 
6 250 | 45, 000 4 inches center to center. to center. 
6 310 | 55, 
107-POUND 
6 90 | 25,000 
6 130 | 35,000 |{No. 4-0; d=0.3938 inch; | No. 3; 12 inches center 91 
6 170 | 45, 000 6 inches center to center. to center. 
6 200 | 55, 000 
91-POUND 
6 80 | 25, 000 
6 110 | 35,000 |(No. 3-0; d=0.3625 inch; | No. 4; 12 inches center | 77 
6 140 | 45, 000 6inches center to center. to center. | 
6 170 | 55,000 | 
65-POUND 
6 60 | 25, 000 
6 80 | 35,000 ||No. 0; d=0.3065 inch; 6 | No. 6; 12 inches center | 55 
6 100 | 45, 000 inches center to center. to center. | 
6 120 | 55, 000 | 
45-POUND 
| 
6 30 | 25, 000 | 
6 50 | 35,000 |(No. 3; d=0.2437 inch; 6 | No. 6; 12 inches center | 35 
6 60 | 45, 000 inches center to center. to center. 
6 80 | 55, 000 | 
i —_—_— 
32-POUND 
6 20 | 25, 000 | 
6 30 | 35,000 || No. 6; d=0.1920 inch; 6 | No. 6; 12 inches center | 22 
6 40 | 45,000 |{ inches center to center. to center. | 
6 50 | 55,000 | 











1 Sections are 10 feet wide. 
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TABLE 2.—Details of steel reinforcement in experimental rein- 
forced concrete pavement; ' billet steel bars (intermediate grade— 
deformed) 


























Num- Calcu- Reinforcement size and spacing Weicht 
ber | Length ain ase wd Bae 
of | of each Entnt longi- 
sec- | section i ae are. fuatael 
stress Longitudinal Transverse 
tions in steel y steel 
Pounds Pounds 
Pep per 100 
sy bese d square 
Fest inch feet 
2] 360 | 15,000 |), son ee i 
2 600 | 25.000 |[1-imch round bars; 6 | }4-inch round bars; 24 534 
2 840 | 35, 000 inches center to cen- inches center to cen- 
2| 1,080 | 45,000 |} ‘er ter. 
aan a ra 34-inch round bars; 6 | ¥4-inch round bars; 24 300 
4 470 | 35,000 inches center to cen- inches center to cen- 
4|  610| 45,000 |} te? ter. 
4 ite 5, a ¥-inch round bars; 6 | 44-inch round bars; 24 134 
4 210 | 35, 000 inches center to cen- inches center to cen- 
4 270 | 45,000 |} ter ter. 
¢ 4 seh %%-inch round bars; 6 | 3g-inch round bars; 24 75 
6 120 35, 000 inches center to cen- inches center to cen- 
6 150 | 45,000 |} er. ter. 
s a BF han 44-inch round bars; 6 | 44-inch round bars; 12 33 
6 50 35, 000 inches center to cen- inches center to cen- 
6 60 | 45, 000 ter. ter. 








1 Sections are 10 feet wide. 


TABLE 3.—Details of steel reinforcement in experimental reinforced 
concrete pavement,' rail steel bars (deformed) 














Num- Caleu- Reinforcement size and spacing Weight 
ber | Length wet ee ae 
oa ot eek um longi- 
sec- | section wae udinal 
i stress Longitudinal Transverse 
one in steel steel 

Pounds Pownds 
ia per 100 
Cae square 
Feet inch feet 
4 aa 35,000 |{J*imch round bars; 6 | }4-inch round bars; 24 534 
2/ 1,080 45, 000 inches center to cen- inches center to center. 
2] 1,320] 55,000 |) ter 
, oo anon 34-inch round bars; 6 | %-inch round bars; 24 300 
4 610 | 45,000 |f inches center to cen- | inches center to cen- 
4 740 | 55, 000 ter. 
a fe eas ¥-inch round bars; 6 | 44-inch round bars; 24 134 
4 270 | 45, 000 inches center to cen- inches center to cen- 
4} 330 | 55,000 |} "F ter. 
‘ ran pa 3-inch round bars; 6 | 34-inch round bars; 24 75 
6 150 45, 000 inches center to cen- inches center to cen- 
6} 180 | 55,000 |} ter. 
4 Ay cme Y-iach round bars; 6 | 44-inch round bars; 12 33 
6 60 45, 000 inches center to cen- inches center to cen- 
6 80 | 55,000 |} *F- ter. 








1 Sections are 10 feet wide. 


culated in this manner, and a range of stresses selected 
so that the section lengths which correspond would 
cover a range that is believed to be sufficient to develop 
the data desired for each percentage of steel. 

It was intended that in each group the longest section 
would have sufficient length to approach the elastic 
limit of the steel and that the shortest one would be 
short enough not to overstress the steel and conse- 
quently would develop no open cracks. The condi- 
tion of the slabs of intermediate length should indicate 
what maximum length might be used for each percent- 
age of steel with a reasonable assurance that such 
cracks as occurred would be held tightly closed. 


For practical reasons, the standard pavement cross 
section used by the State of Indiana was adopted. 
This is a 9—7—9-inch thickened edge section 20 feet 
wide. The longitudinal joint used was of the deformed 
metal tongue-and-groove type with %-inch diameter tie 
bars spaced at 60-inch intervals. 


THREE TYPES OF JOINT USED 


Because of the wide range and unusual lengths of 
the sections in this pavement, several different joint 
widths were selected. It was not possible to predict 
the amounts of movement that would occur at the 
ends of the long and the intermediate length sections 
because the degree of restraint to longitudinal move- 
ment of the pavement developed by the subgrade could 
not be accurately predicted. Three types of joints 
having different joint widths were designed, however, 
using the best information available in caring for expan- 
sion and contraction of the various section lengths. 

The type I joint is of a structural steel design similar 
to that frequently used at the approaches of bridges. 
It is designed to allow a 1}-inch movement in each 
direction and is used at points where two sections of 
intermediate length are joined. 

The type II joint is really two type I joints, spaced 
10 feet apart. This allows an effective opening of 
practically twice that of the type I joints. This type 
is used where two of the longer sections are joined. 

The type III joint is of the conventional dowel type 
and is used between the shorter sections. 

These three types of joints are described in more 
detail and illustrated with photographs in a later sec- 
tion of this report. 

Four sections, each having a total length of 500 feet, 
were included in which special joint designs and methods 
of reinforcing were employed. The details of design of 
these sections are as follows: 

No. 1.—Submerged type weakened-plane joints 
placed at intervals of 10 feet. Reinforcement consisted 
of a 91-pound welded fabric placed continuously 
through the weakened-plane joints. The bond between 
the steel and the concrete was broken for a distance of 
18 inches on each side of each weakened-plane joint by 
omitting the transverse steel at this point and by 
ereasing. 

No. 2.—This section was a duplicate of section No. 1, 
except that it was reinforced with a 45-pound welded 
fabric. 

No. 3.—Weakened-plane joints formed by grooves at 
10-foot intervals in the surface of the pavement. Re- 
inforcement consisted of a 91-pound welded fabric, 
placed continuously through the weakened-plane joints. 
The bond was broken foi a distance of 18 inches on each 
side of each weakened-plane joint, as in section No. 1. 

No. 4.—This section was a duplicate of section No. 3, 
except that it was reinforced with a 45-pound welded 
fabric. 

The amount of longitudinal steel in the 91-pound 
welded fabric is 77 pounds while that in the 45-pound 
fabric is 35 pounds. The types of weakened-plane 
joints used in this part of the pavement are shown in 
figure 4. 

The object of this pavement design is to control 
cracking and to eliminate, as far as possible, warping 
stresses in the pavement. Breaking the bond between 
the steel and the concrete over a 36-inch length at the 
joints permits warping of the pavement slab to take 

| place more freely when the joint edges of adjoining 
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TRANSVERSE STEEL OMITTED AND BOND ON LONGITUDINAL STEEL BROKEN FOR 36 INCHES 


3-INCH DIAMETER DOWELS, 18 INCHES LONG, 
F 4 12 INCHES CENTER TO CENTER, BOND TEA 











SHEET COPPER SEALCAP; ~ 
FLANGES PERFORATED FOR BOND 


See itn eB aeeniggiatn ares ots 





SUBMERGED TYPE 


TRANSVERSE STEEL OMITTED AND BOND ON LONGITUDINAL STEEL BROKEN FOR 36 INCHES 


2 - INCH DIAMETER DOWELS, 18 INCHES LONG, 
ie IZ INCHES CENTER TO CENTER, BOND eroKEN 


- WELDED FABRIC -. 








SURFACE TYPE 


Figure 4.—Depraits oF WEAKENED-PLANE JOINTS. 


slabs are in contact, because when warping occurs, a 
greater length of steel is available to provide the neces- 
sary elongation without the development of excessively 
high tensile stresses in the steel. 

The stress conditions that may develop in steel re- 
inforcement passing continuously through several slab 
units, as in this design, are: 

1. That caused by subgrade resistance as the whole 
slab series expands or contracts about its group center. 

2. That caused by the tendency of each short slab 
unit to expand and contract about its own center. 
When this occurs, a resisting or opposing force is set up 
between adjoining slab units causing a change in tensile 
stress in the steel at the point of connection. 

3. That caused by resistance to bending at the joints 
as the edges of the pavement are warped or are de- 
flected by the action of wheel loads. This stress is the 
result of the resisting moment set up between the steel 
and the ends of the slab in contact at the joint as 
deflection occurs. 

4. The shearing stresses caused by loads passing over 
the joints. 


SURFACE VIBRATION USED IN PLACING ALL SECTIONS 


It is not possible to calculate accurately any of these 
stress conditions with the knowledge now available. 
The first stress condition is understood better than the 
others and is known to be important in long sections. 
It is thought that the second and third stress condi- 
tions are relieved by the breaking of the bond at the 
joints, as was done deliberately in that part of the ex- 
perimental pavement just described. This relief is 
effective because only a limited opening of the joint at 
the point where the steel is located is necessary for its 
accomplishment. If the length of the steel that is 
available for elongation is increased, there is a corre- 
sponding reduction in the intensity of the stress in the 
steel because the movement at the joint remains the 
same. 

There is no practical means of either computing or 
measuring the shearing stresses in the steel at weakened- 








Dowets Omirrep In JOINTS IN ONE-HaAuF THE LENGTH oF HacH SECTION. 


plane joints of the type included in this part of the pave- 
ment. It is possible that aggregate interlock will re- 
lieve these stresses to a certain degree, but whether this 
will be sufficient to prevent failure of the steel is not 
known. For this reason, it was decided to place shear 
bars across the weakened-plane joints in one-half the 
length of each of the four sections. If it is later found 
that a greater number of failures occur in the steel at 
the joints with no shear bars than occur in those with 
shear bars, it will be a reasonable conclusion that shear- 
ing stresses are influencing the number of failures which 
occur in the steel. 

It is realized that the stresses that will occur in the 
steel of these four 500-foot sections will probably be 
sufficient to cause the steel to break. The sections 
were designed with this in mind because it was desired 
to determine the number of breaks that will occur in the 
steel and the amount of opening that occurs at joints in 
pavement sections designed in this manner. 

Because of the length of the pavement it was desir- 
able to let the construction of it under two separate con- 
tracts. The two contractors used slightly different 
materials and methods. While this is unfortunate in 
a test pavement, it is doubtful if the differences are 
sufficient to cause serious difficulty in the interpreta- 
tion of the data. 

Because of possible difficulties in the consolidation of 
the concrete in the sections containing large amounts of 
steel, it was decided to apply surface vibration to all 
sections. 

The materials and quantities used in each batch of 
concrete in the west project, F. A. P. 4 A-2 were as 
follows: Cement, 564 pounds; sand (wet), 1,336 pounds; 
stone (small), 1,422 pounds; stone (large) 852 pounds. 

The slump ranged between %-inch and 1% inches and 
averaged 1.3 inches. 

The materials and quantities used in each batch of 
concrete in the east project, F. A. P. 4 B-1 were as 
follows: Cement, 564 pounds; sand (wet), 1,252 
pounds; gravel (small), 1,441 pounds; stone (large) 
884 pounds. : 
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The slump ranged between 1 inch and 2% inches and 
averaged 1.5 inches. 

The Indiana specifications do not require that the 
amount of sand be adjusted on the basis of dry weights, 
but do require that the sand be allowed to stand in 
stock piles for 48 hours before being used. For this 
reason, the actual amount of sand used in a batch of 
concrete is not known. 

Attention is called to the fact that crushed stone was 
used exclusively as a coarse aggregate in the west 
project, while in the east project the small-size coarse 
ageregate was gravel and the large-size aggregate was 
crushed stone. The large-size coarse aggregate ranged 
in size from ' inch to 24 inches, while the small-size 


coarse aggregate ranged from No. 4 to 1% inches. 





Ficure 5.—Consrruction or Sxuass Havina WELDED Fasric 
REINFORCEMENT. Upprmr, STRIKING Orr CoNcRETE PRE- 
PARATORY To PrLacinc WrLpEep Fasric; Lowpr, WELDED 
FABRIC IN PLACE. 


The welded fabric reinforcement was placed by the 
strike-off method at a depth of 2!4 inches from the top 
surface. 
-paratory to placing the steel is shown in figure 5, This 
figure also shows the welded fabric in place before the 
upper part of the concrete had been placed. 

The bar mat reinforcement was erected on the sub- 
grade and securely wired together a short time before 
the placing of the concrete. This type of reinforce- 
ment was placed at the mid-depth of the pavement. 
It was supported on welded chair assemblies attached 
to the transverse bars. The three views of figure 6 
show different stages in the placement of the 1-inch 
steel. The supports were welded to every second 
transverse bar for the 4- and %-inch longitudinal steel 
and to every third transverse bar for the larger sizes. 
This method of supporting the steel proved to be very 
effective. 


The method of striking off the concrete pre- | 














FIGURE 6.—INSTALLMENT OF Heavy Bark REINFORCEMENT’. 
Top, WELDED CHAIR SUPPORTS AND TRANSVERSE Bars 
Brine Puacep; Mippie, LonerrupINAL AND TRANSVERSE 
STEEL Berna Puiacep; Borrom, Heavy Bar Mart ReErn- 
FORCEMENT IN PLACE. 
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Figure 7.—Typr I Jornt Brine PLAcED IN POSITION ON THE 
SuBGRADE (UPPER), AND APPEARANCE OF JOINT AFTER CoNn- 
STRUCTION OF PAVEMENT SLABS (LOWER). 


CONSTRUCTION OF JOINTS DESCRIBED IN DETAIL 


The joints used between the experimental sections 
were described in a general way earlier in the report. 
The upper view in figure 7 shows a type I joint being 
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Figure 8.—Typr II Jornt In PLAcE oN THE SUBGRADE PRE- 
PARATORY TO PLACING CONCRETE. 





Figure 9.—Typs III Joint In PLAcE ON THE SUBGRADE (UPPER), 
AND MetHop or_Houipine Dowet Bars 1n Puace (LOWER). 


placed in position on the subgrade. The section of 
joint in the foreground is upside down. This joint 
consists essentially of two 2-inch angles and a cover 
plate. The angles are anchored on opposite sides of 
the joint while the cover plate is rigidly attached to 
the angle on one side of the joint and held to the angle 
on the opposite side by a key way system which permits 
sliding. The different parts of the joint assembly are 
held together during the time the concrete is being 
placed by wooden boards that may be removed after 
the concrete has hardened. The lower view in figure 7 
shows an end view of the joint after the concrete has 
been placed. The projecting part of the sheet metal 
plate shown on the subgrade is to be turned up against 
the edge of the slab to close the joint opening before 
the shoulder is completed. 


A type II joint, which consists of two type I joints 
placed with a 10-foot slab between, is shown in figure 8. 

The type III joint is a conventional doweled joint 
with %-inch plain round bars spaced 12 inches apart. 
A general view of this type of joint and the method of 
holding the dowels in place are shown in figure 9. 

The submerged type of weakened-plane joints were 
formed by placing impregnated fiber strips on the sub- 
grade at the points where the joints were to be formed. 
The height of these strips was varied so as to keep the 
top uniformly 4% inches below the top surface of the 
pavement. A copper seal was placed at the top of 
the groove so that it would be unnecessary to have a 
watertight seal on the top surface. Figure 10 shows 
the submerged weakened-plane joint devices in place 
on the subgrade before placing the concrete. The 
dowel shear bars which were placed at one-half of the 
weakened-plane joints were held in place during con- 


creting by tying them to the longitudinal bars of 
the fabric. 

















Figure 10.—Dervices Usep IN FormMiInGc SUBMERGED WEAK- 
ENED-PLANE JOINTS IN PLACE ON THE SUBGRADE. 





ee 


Figure 11.—SHear Doweut Bars 1n Puace at LOcATION 
WHERE WEAKENED-PLANE Joint Is TO BB FORMED. 





Figure 11 shows the bars in place at one of these 
joints before placing the top part of the concrete. 
This method of supporting dowel bars is not recom- 
mended for use at joints where longitudinal movements 
of appreciable magnitude are expected, because of the 
possibility that some misalinement may develop during 
the placing of the concrete. In this instance, however, 
with the 10-foot joint spacing and with longitudinal 
steel placed continuously through the joints, the longi- 
tudinal movements at any one joint should be quite 
small and with the close supervision given all construc- 
tion operations it was thought the method of installa- 
tion would be satisfactory. 

Because the vibratory method of placing resulted in 
dense firm concrete, some difficulty was experienced in 
forming the grooves in the top of the pavement for the 
conventional type of weakened-plane joimts. This 
difficulty was satisfactorily overcome by placing a vibra- 
tor on the T-bar used to form the groove. This device 
is shown in figure 12. 

The concrete mixer was kept to the side of the road- 
way during the placing of concrete. This allowed the 
bar mat reinforcement to be placed a short distance in 
advance of the mixer. The two views in figure 13 
show the placing of the concrete in one of the heavily 
reinforced sections. 

As mentioned previously, surface vibration was used 
over the entire length of the pavement in order to 
insure good compaction of the concrete throughout the 
full depth of the pavement and the proper embedment 
of the steel. A pan-type vibrator was used on the 
east project (F. A. P. 4 B-1). The pan was divided in 
four parts, each approximately 5 feet in length, which 
were connected to each other by hinged joints. One- 
third-horsepower vibrators were mounted on each of 
the four units of the pan and the pan was mounted 
between the two screeds of the finishing machine. 
During operation, the pans were in contact with the 
pavement for a width of approximately 10 inches. The 
vibrator was operated during two forward passes and 
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Figure 12.—T-Bar AND ViBRATOR USED IN FORMING GROOVES 
FOR WEAKENED-PLANE JOINTS. 





Figure 13.—ConcrEeEtTE Brinc PuLAaceD IN A HeaAvity REIN- 
FORCED SECTION. 


one backward pass of the finishing machine. The fin- 
ishing machine with the pan vibrator mounted is shown 
in figure 14. 

On the west project (F. A. P. 4 A-2) the vibration of 
the concrete was applied through the front screed of 
the finishing machine to which three -horsepower vi- 
brators were mounted. The screed was of the bull- 
nosed type and vibration was applied to the concrete 
during two or more forward passes of the finishing 
machine. 

Special vibrators were used around the joints. Two 
different types of surface vibrators used around the 
Type III joints are shown in the two views of figure 15. 
An internal vibrator was used around the type I and 
type II joints. (See fig. 16.) 

The concrete was finished in a conventional way, 
except that a mechanical longitudinal float was used 
on the west project. This machine is shown in figure 
Li. 

After placing, the concrete was cured with wet 
burlap until the next morning. The burlap was then 

198848—40—2 











Figure 14.—ConcretTe FintsHina Macninze, SHOWING Pan- 
Type VIBRATOR MouNntTED BETWEEN THE T'wo ScREEDS. 








FigurE 15.—Visprators Usrep Arounp Tyre III Joints. 
Upper, VIBRATOR USED ON East Project; LowzR, VIBRATOR 
UseEep oN WEsT PROJECT. 





Figure 16.—INTERNAL VIBRATOR UseD UNDER Typzs I anv II 
JOINTS. 


removed and the concrete was covered with wet straw 
for seven days. Uniformly excellent weather pre- 
vailed during the construction of the entire pavement. 
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Figure 17.—LoneirupINAL MrcHaANiIcaL FLtoatr USED ON THE 
Wesr Progsecr. 


SCHEDULE OF OBSERVATIONS OUTLINED 


In general, the relative value of the various sections 
in this experimental pavement can best be determined 
by a study of their behavior under traffic over a period 
of years. All of the sections are duplicated at least 
once and in most cases there are four or six sections of 
a given type, in order that there will be a check on the 
performance. 

The nature of the pavement makes it necessary that 
very close examinations be made of the sections if the 
history of the performance is to be accurately recorded. 
Transverse cracking is frequently quite inconspicuous, 
yet from a research standpoint its presence or absence 
is significant. 

The detailed examination of so many sections entails 
a very considerable amount of work and it is obvious 
that there are practical limitations to the type and 
number of surveys that can be made. 

Furthermore, weather conditions at different seasons 
of the year have an important influence on the cracking 
and other defects that develop in concrete pavements. 
It is desirable, therefore, that the schedule of periodic 
examinations be such as to give as much information 
as possible regarding the seasonal effects. 

With these conditions in mind, it was decided to 
select certain representative sections on which intensive 
studies would be made at different seasons of the year 
and to give the entire pavement a thorough general 
condition survey once a year. This program of course 
is subject to modification if developments warrant. 

For the intensive study just mentioned, three parts 
of the pavement, each having a length of approximately 
2,000 feet, were selected and the details of each are 
given in table 4. 

It will be noted that the first part is located in the 
heavily reinforced pavement, the second in the pave- 
ment having a medium amount of reinforcement, and 


the third in the pavement reinforced with welded | 


fabric. These different parts of the pavement were 
located so as to eliminate, as far as possible, all variables 
except the amount of reinforcement. The intensive 
schedule of observations which is to be made on these 
ger sections include the following: 
A detailed crack survey in which a special effort 
is made to find all the cracks, however fine. 
Precise level measurements made on the surface 
a one lane of the pavement. 
3. Measurements of horizontal movements at the 
joints in the longitudinal direction of the pavement. 
These detailed studies of the selected sections are to 
be made three times a year, in the fall, winter, and 
spring. 
The annual observations made over the full length of 
the pavement will be made in the fall of the year and 
include the following: 














1. A general crack survey. 

2. Measurements of horizontal movements at the 
joints in the longitudinal direction of the pavement. 

3. General observations of the condition of the 
pavement. 

Precise level bench marks were established, at 
intervals, along one edge of the pavement a short time 
after the completion ‘of construction. Subsequently 
level measurements were taken on each side of the 
joints and at intervals of 100 feet along the full length 
of one lane of the pavement. This established the 
normal elevation of the pavement. It is not intended 
to make further level measurements at regular intervals, 
but they will be made at such times as may appear to 
be desirable, either over the full length or on certain 
parts of the pavement. 


TasBLeE 4.—Parts of pavement on which intensive studies are 
being made } 
































. ‘ Longitudinal reinforcement 
Fs = ength of <—e am es 
Part oes heg pie pavement ; 
included Type alne Spacing 
of bars 
| 
No Feet Feet Inches 
600 2 600 6 
12 See | 360 2 360 6 
1, 080 2 1, 080 6 
150 2 LOOM RT ee see ee % 6 
330 2 BeAp Maan) taba ees les A oe! % 6 
Bs 90 4 TSO Bs ta eee eee % 6 
ghee Se 150 4 300K Billet. ee uees ae ae 14 6 
210 4 4200S illeteee see Vy 6 
270 4 40h Billet sees s= see Vy 6 
| 
20 6 GON 322) oe neem Welded fabric 
30 6 OOIM3 2-1 D2 eee eae Welded fabric 
40 6 120932 =] ae ae see eee Welded fabric 
50 6 1500321 Dee oe | Welded fabric 
30 6 O0.45-] eae Sees Welded fabric 
3 50 6 L5Q:4|\ 452 bier eee Welded fabric 
eee Dee 60 6 180 | 45-Ib__.____________| Welded fabric 
80 6 2408 45. ps eae ee Welded fabric 
60 6 T8041 G5=| pee a eee Welded fabric 
80 6 240 | 65-Ib._.______.____| Welded fabric 
100 6 BOOS G5-] jee eee ae Welded fabric 
120 | 6 360) | (6dclbe sae see eealn Wieldedatapiic 








1 Sections are 10 feet wide. 


Other special studies that are contemplated include: 

1. Determination of the movements of the ends of 
the slabs between the extreme summer and winter 
conditions; in other words, the maximum annual 
change in length of the various lengths of slab. 

2. Determinations of the daily movements at the 
ends of certain selected slabs. These measurements 
will be taken on days when large variations in tempera- 
ture are expected. 

3. Measurement of the absolute movements at the 
two ends, the center and at the two quarter-points of 
one of the longest slabs. 

The device used in measuring the absolute movements 
of the ends of the slabs is shown in figure 18. The 
bench mark, at the right, on which one end of the 
device is resting, is a pipe that has been driven into 
the ground to a depth of 9 feet and is surrounded by a 

casing 28 inches long. There is a small hole in the 
cap on top of this pipe in which the point of the meas- 
uring device is placed. The point on the left end of 
the measuring device rests in a small hole in a metal 
plug placed in the concrete. The vernier attached to 
the point on the left makes it possible to determine the 
slab movements to 1/100 of an inch. It is necessary 
to adjust these readings to obtain the actual movements 
in a direction parallel to the longitudinal axis of the 
pavement. The bench marks are carefully covered to 
prevent water from entering and the shoulder material 
is replaced immediately after taking each reading. 

(Continued on p. 218) 











Peco lola CURING <CONCRE RE 
PAVEMENTS WITH COTTON 
MATS 


BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION 


Reported by ROBERT A. MARR, Jr., Assistant Testing Engineer 


N CONNECTION with a program initiated in 1936 

by the United States Department of Agriculture for 

the purpose of promoting a greater utilization of cot- 
ton products, the various State highway departments 
were Invited by the Public Roads Administration (then 
the Bureau of Public Roads) to cooperate in a study of 
the possibilities of using cotton mats for curing concrete 
pavements. 

Laboratory tests by the Administration! and field 
tests by the Texas State Highway Department? had 
already demonstrated the value of this material for 
curing concrete. Very limited data, however, were 
available as to the cost of curing with cotton mats com- 
pared to other accepted methods. It was felt that accu- 
rate data along this line could be obtained only through 
extensive tests on actual paving jobs located in various 
parts of the United States. 

The State highway departments of 23 States, well 
distributed geographically, agreed to participate in 
this program. A total of 90,000 mats, valued at 
$355,000, was furnished these States by the Federal 
Government without cost. This quantity would be 
sufficient to cover at a single placement approximately 
65 miles of 20-foot concrete pavement. The mats were 
made available to the States on the condition that they 
be used in an approved manner in concrete pavement 
construction. The cooperating highway departments 
also agreed to keep records of the life of the mats and 
average unit curing costs and to report these data to 
the Public Roads Administration. 

In comphance with their agreement, 20 of the 23 
participating States have filed reports. These data 
represent the equivalent of 668 miles of 20-foot pave- 
ment cured by this method under widely varying condi- 
tions of locale, weather, hourly wage rates, etc., and 
extending over several construction seasons. 

The cotton mats supplied for this purpose weighed 
approximately 24 ounces per square yard. ‘They were 
made of cotton bats quilted between cotton sheets of a 
type known to the trade as “osnaburg.”’ The full- 
length mats were 22 feet 6 inches long by 5 feet 9 
inches wide and were quilted longitudinally by rows of 
stitching not more than 4 inches apart. For overlap, 
a 6-inch flap was provided along one longitudinal edge 
by sewing the covers together without batting. Shorter 
mats varying in length from 10 feet 6 inches to 14 feet 
6 inches were also provided. The mats conformed 
to Specification M 73-38 of the American Association 
of State Highway Officials.® 

Since the mat covers were of unshrunk cloth, con- 
siderable change in dimensions was to be expected. 

1 Cotton Mats for Curing Concrete. PUBLIC ROADS, vol. 14, No. 5, July 1933. 

Further Tests of Cotton Mats for Curing Concrete. PUBLIC ROADS, vol. 15, 
No. 9, Nov. 1934. 

2 Curing Concrete Pavement with Cotton Mats, by J. G. Rollins. 
Highways, vol. XIV. No. 3, July 1935. 

3 Standard Specifications for Highway Materials and Methods of Sampling and 


Testing. published by the American Association of State Highway Officials, 1220 
National Press Building, Washington, D. C 


American 


| Data reported by seven States showed an average 
change of 6 percent in the longer dimension and 11 
percent in the shorter. Cases were reported where 
individual mats were too short after shrinkage to cover 
the pavement when laid crosswise. In determining 
the dimensions of future mats, proper allowance should 
be made for such shrinkage. 


SERVICE LIFE OF 50 USES INDICATED 


The specifications provided for these cotton mats to 
be used in a manner similar to burlap, i. e. that the 
saturated mats be applied to the concrete as soon as 
possible without marring and that they be kept wet 
until removed. No further curing treatment was re- 
quired. A minimum curing period of 72 hours was 
specified though several States used a longer period. 

The estimated life of an individual mat as reported 
by 14 States ranged from a minimum of 15 uses to a 
maximum of 100. The arithmetical average for all 
States reporting was 47 uses, while a weighted average 
based on the concrete pavement yardage cured was 63. 
Ten of the 14 States reporting life data estimated that 
the mats could be used at least 40 times before dis- 
carding them. It seems conservative to state that cot- 
ton mats manufactured to American Association of 
State Highway Officials specifications should have a 
life of 50 uses with ordinary care, and that this ife may 
be increased 10 to 50 percent by extra care in handling, 
drying, and storage. 

The cost of the mats, as delivered to certain desig- 
nated points in the States, averaged approximately 48 
cents per square yard of net useful coverage.* For an 
average life of 50 uses, this is equal to about 1 cent per 
square yard. This value checks reasonably well with 
the average mat cost per use in eight States for mats 
purchased in the open market of approximately 1/4 cents 
per square yard. 

The cost of curing concrete pavement as revealed by 
reports from 19 States, excluding the material cost but 
including supervision, labor, and transportation, aver- 
aged 2.15 cents per square yard. ‘These costs were, 
of course, greatly influenced by local factors, chiefly 
hourly wage rates and weather conditions. For in- 
stance, the minimum State average of 1.08 cents oc- 
curred where labor was quoted as low as 20 cents per 
hour, while the maximum State average of 3.11 cents 
corresponded to an hourly wage rate of 68 cents per hour. 
For individual projects the range was from slightly 
over 4 cent to 6 cents per square yard. On one project, 
heavy rains made sprinkling unnecessary about one- 
fourth of the time. This helped to reduce curing costs 
40 percent below the average for this State. 





4 The “net useful coverage”’ is the actual area of pavement slab which can be covered 
by a mat of specified dimensions. For instance, after allowing for shrinkage, overlap, 
and overhanging ends, 2 mat having gross dimensions of 22 feet 6 inches by 6 feet 3 
inches will cover a slab 20 feet by 4feet in area. The net useful coverage of the matis, 
' therefore, 100 square fect although its total area is approximately 142 square feet. 
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Figure 1.—Corron Mats 1n Piacre BeInc Wet Down. 


The average total curing cost, obtained by adding 
the average material and usage costs, is 3.15 cents per 
square yard (1 cent material cost plus 2.15 cents usage 
cost). However, as certain States omitted such items 
as cost of water for sprinkling, transportation of mats 
to and from the project, and the winter storage, it 
would seem safer to state that the average total cost 
should not exceed 3.5 cents per square yard. In nine 
States the cost of curing with cotton mats was com- 
pared with the cost of curing with other acceptable 
materials. A summary of these direct comparisons 
indicates that the cost of cotton mat curing is in general 
about the same as other commonly accepted methods 
used under similar conditions. 

All of the State reports submitted in connection with 
this study confirm the preliminary laboratory tests by 
showing a high efficiency for cotton mat curing when 
judged by the following: 

1. Ability to maintain a film of moisture over the 
surface of the concrete during the curing period. 

2. Strength of cores from mat-cured slabs as com- 
pared to those cured by other standard methods. 

3. Insulation of slab against temperature change. 


COTTON MATS HAD GOOD ABSORPTION AND RETENTION OF 
MOISTURE 


Although somewhat difficult to wet the first time, due 
to natural oils in the cotton filler, the mats will absorb 
from two to three times as much water as double 12- 
ounce burlap. Figure 1 shows mats in place being wet 
down. Comments from 11 States reveal that mats 
retain this absorbed water equally as well as earth and 
better than burlap. On two projects, mats receiving 
only theforiginal wetting were still wet on the under 
side at the end of the 72-hour curing period. 

Core tests (based on incomplete data) show that 
strengths from mat-cured slabs average approximately 
the same as those cured by other standard methods. 

Cotton mats have excellent insulating qualities. 
Temperature measurements taken on two California 
projects during cold weather showed that the average 
minimum temperature under the mats was 40 percent 
higher than the average minimum air temperatures, of 
which some were within the freezing range. Even when 
the top fabric was frozen stiff, the under surface was 
still soft and moist. Two Northern States also found 
them very effective in preventing freezing of concrete 
and subgrade. Limited tests made on a few mats, 
blackened on top by applying a light coat of emulsified 
asphalt, showed the average maximum and minimum 
temperatures under them to be 29 percent and 5 percent 
higher, respectively, than those under uncolored mats. 

_Comments by the States reporting, based on expe- 
rience, indicate that the life of cotton mats can be 
prolonged by proper attention to certain details, neglect 








Figure 3.—PortTIon oF CONCRETE PAVEMENT SLAB AND CotT- 
ton Mats UsEep In Curtne IT. 


of which hastens deterioration. A few such precautions 
are listed below. 

If cotton mats are rolled or folded and left damp, even 
for a few days, mildew sets in, destroying the covering 
fabric. They must be dried at the end of a job and 
prior to storage. Under favorable conditions, mats 
may be left on the slab and turned until dry; but un- 
favorable weather, particularly in Northern States, 
may require artificial drying indoors. 

Mats should be so stored that they can be periodically 
inspected for mildew. 

When saturated, full-length mats weigh approxi- 
mately 100 pounds. If the center is allowed to drag 
on the slab, particularly in removing, this portion of 
the fabric soon wears out. Full-length mats may 
easily be handled by two men from a movable bridge. 
One State has developed a special type of bridge with 
a sloping apron from which mats can be accurately 
placed on very soft concrete without marking. 

The original intent was for mats to be placed cross- 
wise on the pavement with their ends overhanging the 
edges of the slab, but constant contact with wet earth 
was found to cause deterioration. (See fig. 2.) It was 
found preferable to bank the edges of the slab with 
earth and to fold the mat ends back even with these 
edges. Figure 3 shows edges of mats turned back, 
exposing the concrete surface. 

There may be considerable danger from fire in the 
use of cotton mats, particularly on projects where 
traffic is maintained in an adjacent lane. Even though 
the under side is still moist, the top fabric can be dry 
enough to be ignited by lighted cigarette or cigar butts 


(Continued on p. 219) 











COST OF OPERATING RURAL-MAIL- 
CARRIER MOTOR VEHICLES 


HE report Cost of Operating Rural-Mail-Carrier 
Bl eiiete: Vehicles on Pavement, Gravel, and Earth, 

by R. A. Moyer and Robley Winfrey, has recently 
been published as Bulletin 143 of the Iowa Engineering 
Experiment Station. In this report are analyzed cost 
records of 293 motor vehicles as follows: 248 automo- 
biles operated by rural mail carriers in Iowa, 43 in 
Indiana, and 2 in Alabama, covering 170 routes. 


Operation covered the period from November, 1935 
to January, 1937. The report is based upon the original 
cost records kept by the individual carriers. These 
detailed daily records covered such phases of operation 
as miles of travel on each type of road surface, rates of 
travel, weather, number of stops, load, amounts of 
gasoline and oil used, and expenses incurred for tires, 
maintenance, garage, license, taxes, insurance, deprecia- 
tion, interest, and extra help. 


Records submitted were analyzed to determine the 
average total cost of operation on pavement, untreated 
gravel, and earth roads for a complete year and for the 
four seasons. The results obtained apply directly outy 
to cars operating under conditions similar to those 
encountered by rural mail carriers. 


The specific results are summarized as follows: 


1. The average operating cost for cars traveling almost exclu- 
sively on pavement and gravel was 3.8 cents per vehicle-mile and 
7.8 cents per mile for cars traveling almost exclusively on earth. 

2. Extra help in delivering the mail cost an average of 0.2 cent 
per vehicle-mile on pavement and gravel and 1.0 cent per mile 
on earth. 

3. The cost of replacing cars with men on foot or horseback, 
when the roads were impassable to cars, averaged approximately 
11 cents per mile as compared to an average cost of less than 5 
cents per mile with the cars when the roads were passable. 

4. The graphical solution indicated an average annual mileage 
of 20,000 miles for cars operated exclusively on pavement and 
gravel, and 4,000 miles for cars operated exclusively on earth. 

5. The average rate of travel (including stops) on the route 
during the year was about 13 miles in an hour on pavement and 
gravel, and about 9 miles in an hour on earth. During the 
summer the approximate average rate on pavement and gravel 
was 1414 miles in an hour and on earth 10% miles in an hour, 
while these rates were respectively 1144 and 714 miles in an hour 
during the winter. 


NEW SUPPLY OF HANDBOOK ON TRANSITION 
CURVES FOR HIGHWAYS PRINTED 


A new supply of Transition Curves for Highways 
has recently been printed for the Superintendent of 
Documents, Government Printing Office, Washington, 
D. C. This handbook, by Joseph Barnett of the 
Public Roads Administration, contains tables with 
which the design and location of curves with transitions 
involve only simple calculations. The rate at which 
the first supply of this handbook was sold indicates a 
wide interest in the subject. 

Sections of the handbook discuss speed in relation to 
highway design, design of curves with equal transitions 
by use of tables, design of curves with transitions as a 
general case, parallel transitions, transitions for com- 








6. The cost of gasoline, oil, and maintenance increased from 
about 2 cents per mile for cars with life mileages under 10,000 
miles to 3 cents per mile for cars with mileages of about 50,000 
miles. A similar trend was indicated for these costs when the 
age of the car increased from 1 to 6 years, but there was no 
appreciable change for cars more than 6 years old. 

Results by the statistical method of least squares are: 

7. The average cost of gasoline, oil, tires, and maintenance for 
the year was 1.56 cents per vehicle-mile on pavement, 2.59 on 
gravel, and 3.14 on earth. 

8. The average gasoline mileage obtained was 15.02 miles per 
gallon on pavement, 13.04 on gravel, and 13.52 on earth. 

9. The oil mileage averaged 264 miles per quart on pavement, 
159 on gravel, and 113 on earth. 

10. During the winter season the cost of gasoline averaged 
1.50 cents per mile on pavement, 1.54 on gravel, and 1.58 on 
earth, while during the summer these unit costs were 1.21 cents 
on pavement, 1.24 on gravel, and 1.138 on earth. 

11. During the winter season the cost of maintenance averaged 
0.28 cent per mile on pavement, 0.77 on gravel, and 1.70 on earth, 
while during the summer season these unit costs were 0.05 cent 
on pavement, 0.38 on gravel, and 0.63 on earth. 

Other results may be summarized as follows: 

12. The average factory list weight of the mail-carrier cars 
was 2,680 pounds and the empty weight was 2,950 pounds as 
compared to an empty weight of 3,150 pounds for the average 
Iowa car. The average weight of the mail carried was 1385 
pounds. 

13. The number of boxes per mile of route averaged 4 on pave- 
ment and gravel and 3% on earth. 

14. The total average annual cost of operating the rural-mail- 
delivery cars, based on an annual mileage of 15,000 miles, was 
$500.26 on pavement, $627.76 on gravel, and $680.26 on earth, 
or res cents per mile on pavement, 4.19 on gravel, and 4.540n 
earth. 

15. A traffic volume of 63 vehicles per day will justify an 
annual interest charge of 4 percent on an investment of $1,000 
per mile and an increased maintenance expenditure of $40 per 
year per mile for improving a county trunk earth road with a 
gravel surface, based on the 0.35-cent-per-mile difference in 
motor-vehicle operating cost. If an additional charge is made to 
amortize this investment over a period of 10 years, a traffic 
volume of 128 vehicles per day will justify the change. 

16. A traffic volume of 25 vehicles per day will justify the 
improvement from earth to gravel if travel time is evaluated as it 
was for the cars in this study and if the amortization of the 
investment is included. 

17. An expenditure of 0.5 cent per vehicle-mile is justified 
for snow and ice removal from pavement during the three winter 
months when the difference in operating cost alone is consid- 
ered, and 1.22 cents per vehicle-mile is justified when the time 
factor valued at 40 cents an hour is included. 


pound curves, adjusting alinement of simple curves for 
transitions, widening pavements on curves, and right- 
of-way lines in relation to transitions. All tables 
needed in applying the methods described are included. 

The handbook, in a durable binding, is available 
only by purchase from the Superintendent of Docu- 
ments, Government Printing Office, Washington, D. C., 
at 60 cents a copy. ‘There is no free supply. 

The methods described in this handbook are now 
being used in almost every State and in many foreign 
countries. Recently the Public Roads Administration 
approved the use of the handbook by the Argentine 
Bureau of Roads in preparing a similar publication in 
Spanish, using metric units and adapted to the Argen- 
tine method of laying out curves. 
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FigurrE 18.—Dervice Ussp ror Mrasurina MovEMENTS aT 
Enps oF Suass, AND Bencnh Marx (Lower Riqurt). 
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Figure 19.—Lrvetine Rop Wits SpecraL ATTACHMENT. 

Since the combined movements of the ends of the 
two slabs at a joint should be equal to the total change 
in width of the joints, the changes in the widths of the 
joints are measured as a check on the measurements of 
the absolute movements of the ends of the slabs. 
These measurements are made with a micrometer 
between two metal points set in the concrete. 

Metal points were set in the concrete at the points 
where the level measurements are taken. Figure 19 
shows a leveling rod resting on one of these points. 














Figure 20.—Typicat Crack IN A Heavity REINFORCED 
SECTION. 


All measuring points were set slightly below the surface 
of the concrete so that they would not be disturbed by 
traffic. 


CONSIDERABLE CRACKING IN LONGER SECTIONS AFTER 1 YEAR 
IN USE 

The experimental pavement was approximately 1 year 
old in October 1939. Approximately 1% miles had been 
under traffic for a period of about 1 year while the re- 
maining 4} miles had been in service for about 6 
months. A large number of fine transverse cracks have 
occurred in the central portion of the long, heavily re- 
inforced sections. In the long sections containing the 
%- and the 1-inch diameter longitudinal bars, the dis- 
tance between the cracks is frequently less than 3 feet. 
There is an appreciable number of these cracks in the 
longer sections containing the }-inch diameter longitudi- 
nal bars, but relatively few in the shorter sections rein- 
forced with this amount of steel. For the sections con- 
taining the smaller amounts of reinforcement, in gen- 
eral the number of transverse cracks which have 
occurred is related more directly with the length of the 
sections than it is with the amount of longitudinal rein- 
forcement. ‘There is practically no cracking in any of 
the sections less than approximately 150 feet long, 
regardless of the amount of reinforcement. 

A typical crack in one of the heavily reinforced sec- 
tions 1s shown in figure 20. These cracks are not ap- 
parent except on close examination and are very similar 
to those that occurred very early in the life of the heavily 
reinforced sections of the Columbia Pike experimental 
pavement. As stated earlier in this report, the cracks 
in the heavily reinforced sections on Columbia Pike 
have remained closed and no serious spalling or disin- 
tegration has occurred in their vicinity. It seems un- 
likely, therefore, that these fine cracks in the heavily 
reinforced sections of this pavement will ever cause 
serious damage. 

The sections in which the weakened-plane joints were 
placed at intervals of 10 feet are in excellent condition. 
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Figure 21.—Lerr, Crack Tuat Has Occurrep AT A Sus- 
MERGED WHAKENED-PLANE JOINT; Riant, WEAKENED-PLANE 
Jormnt Wirth SURFACE GROOVE. 


It will be recalled that these sections are 500 feet long 
and that the steel reinforcement is continuous through 








the joints. Two of the sections are reinforced with a 
91-pound and two with a 45-pound welded fabric. The 
bond is broken between the steel and the concrete for a 
distance of 36 inches at each joint. 

Cracks have occurred in the surface of the pavement 
over all except one of the submerged weakened-plane 
joints. The high stressing of the steel and the breaking 
of the bond at the joints has allowed these joints to 
open an appreciable amount. An irregular meandering 
crack typical of those over the submerged weakened - 
plane joints is shown in figure 21. 

The weakened plane joints of the conventional type, 
which were formed by placing grooves in the top sur- 
face of the pavement, all appear to be in excellent con- 
dition. The appearance of a typical joint of this type 
is shown in figure 21. The manner in which the seal has 
been maintained at these joints 1s especially impressive. 
This tight seal can undoubtedly be attributed to the 
fact that the short slab lengths and the continuous 
steel through the joints have reduced to a very small 
amount the changes in width of the joints caused by 
the expansion and contraction of the pavement. 





(Continued from p. 216) 


tossed from passing cars. Constant patrolling did not 
prevent the destruction by fire of 55 percent of all mats 
in one Southwestern State. Losses by theft can be 
minimized by stencilling a serial number and ownership. 

In conclusion, the data from 19 States indicate that 
the cost of curing concrete pavements with cotton mats 
should not exceed that of other accepted methods. 
The survey also corroborates the laboratory findings 
that such mats not only retain moisture in the concrete 
but also have the valuable property of controlling tem- 
peratures in the slab, thus providing a type of protec- 
tion not afforded by the usual surface-sealing materials. 
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